INTRODUCTION
Obesity has become one of the most important public health problems worldwide. Bariatric surgery has become more prevalent due to the worldwide obesity epidemic, and several studies have demonstrated that it is the most effective therapy for achieving sustained weight loss and managing obesityrelated comorbidities. Based upon the results of these studies, the number of bariatric procedures performed worldwide has markedly increased over the last decade. However, there is currently no ideal bariatric procedure for every patient, and all bariatric surgical procedures have an associated failure rate requiring revisional surgery. With the increasing demand for bariatric surgery, a growing number of patients require revisional surgery owing to the undesirable results of their primary bariatric procedure.
Bariatric surgery was adopted relatively recently in Asian countries and in South Korea because the prevalence of obesity (body mass index [BMI] > 30 kg/m 2 ) in the Korean population is less than 5% according to data from the Korean National Health and Nutritional Examination Survey [1] . This rate is much lower than that in western countries; as such, the need for its management is not well recognized. Nevertheless, the obese population in Korea has been markedly increasing due to lifestyle changes such as increased energy intakes and decreased physical activity. Since the first bariatric surgery was performed in 2003, the number of bariatric surgeries performed in South Korea has exponentially escalated along with the trend in Asia and recently surpassed 1,000 cases annually. Thus, the demand for revisional surgery is expected to increase accordingly.
Here, we review our initial experience with revisional bariatric surgery at a single specialized bariatric center of a tertiary referral institution in South Korea. This study aimed to review the indications for revisional bariatric surgery and assess the short-term surgical outcomes.
METHODS
A prospectively maintained database of all patients undergoing bariatric surgery at our Metabolic and Bariatric Center was thoroughly reviewed and all patients who underwent revisional bariatric surgery between January 2008 and August 2013 were identified. Patient demographics, weight, and BMI at the time of the operation, types of initial and revisional operations, indication for revision, surgical outcomes, and follow-up data were retrospectively reviewed in all the patients.
All of the patients underwent a thorough preoperative evaluation before making a decision on revisional surgery. A detailed history was taken regarding weight progress after primary bariatric surgery, dietary habits, changes in comorbidities, and psychosocial factors. In addition, all the patients underwent an upper gastrointestinal (GI) endoscopy or contrast upper GI study to evaluate the possible anatomic changes after primary surgery.
Operative procedures
All the procedures were performed via the laparoscopic approach by a single surgeon with sufficient experience. Sleeve gastrectomy (SG) could be easily converted to Roux-en-Y gastric bypass (RYGB) by transecting the sleeved stomach to create a gastric pouch and then with similar following of the usual RYGB procedures. In cases of failed laparoscopic adjustable gastric banding (LAGB), the band was identified by intraoperative following of the band tube. Dense adhesion around the device, especially to the left lobe of the liver, was carefully dissected, and the fibrotic capsule of the band was released to isolate the band. Previously placed gastro-gastric sutures were identified and separated with caution. Once the band was freely mobilized, the device was then either unbuckled or transected and then removed. The remnant fibrotic capsule was removed as thoroughly as possible to prevent further adhesion or stricture after the secondary operation.
If the patient was scheduled for a single-stage operation, further procedures were continued following band removal. In case of conversion to RYGB, dissection on the lesser curvature of the stomach was carried out approximately 1-2 cm below the location where the band was placed to create a new gastric pouch. Care was taken to save the arterial blood supply to the new gastric pouch. The stomach was then transected below the scar tissue of the band, and the gastric pouch was created using laparoscopic linear staplers. After creating a gastric pouch, the following procedures were similar to those of well-known primary RYGB. In the conversion to SG, the stomach was restored to the normal anatomic position after the band device was removed, and then dissection along the greater curvature was carried out up to the angle of His. Longitudinal gastric resection was done using laparoscopic linear staplers under the guidance of a bougie tube as usual.
Selection of the staple loads depended on the condition of the gastric wall. Generally, a staple height of 4.8 mm was chosen because of the thickened gastric wall. Anastomotic or stapleline leakage was assessed with air or methylene blue-stained saline injection into the gastric pouch. All of the staple lines on the stomach and anastomoses involving the gastric wall were reinforced with either the interrupted method or running sutures to avoid possible postoperative leakage.
In cases of two-stage revision from LAGB, the band was removed in the first procedure, while the revisionary operation, that is, SG or RYGB, was performed 2-3 months later after recovery of the stomach wall. The procedures themselves were the same as those in the single-stage operations. These two-staged operations were nevertheless counted as a single revision in the statistics.
Postoperative management and follow-up
The patients initiated oral intake on the first postoperative day after the absence of anastomotic leakage was confirmed by contrast upper GI study and were discharged once they had achieved adequate oral intake, their pain was under control, and they were ambulating without difficulty. The postoperative nutritional regimen was similar to that of primary surgery and consisted of a liquid or soft diet for the first 3 weeks with gradual increases in food texture thereafter. Patients returned to the outpatient clinic 2 weeks after surgery and then every 3 months for the first postoperative year to monitor weight loss, appetite, dysphagia or food intolerance, eating behavior, comorbidity status, and the presence of any complications. Follow-up was then decreased to every 12 months after the first year. Telephone interviews were also used to monitor patients who could not visit the outpatient clinic. Inadequate weight loss was defined as percent of excess weight loss (%EWL) less than 50% or BMI of 35 kg/m 2 and over at one year or more after the surgery.
Statistical analysis
Microsoft Excel (Microsoft Co., Redmond, WA, USA) was used for the data management. Data are presented as median (range) for continuous variables and frequency percentages for categorical variables. The ideal body weight of each patient was estimated based on the formula that corresponds to the midpoint of the medium frame of the Metropolitan tables. The degree of weight loss was assessed with %EWL and percent of excess BMI loss (%EBL), which were calculated using the following formulas [2]: %EWL = preoperative weight − current weight × 100 preoperative weight − ideal weight %EBL = preoperative BMI − current BMI × 100 preoperative BMI − 25
RESULTS
Twenty-two revisional surgeries in 21 patients were performed during the study period. The patients' clinical characteristics before revisional surgery are shown in Table 1 . The patients included three men (14.3%) and 18 women (85.7%). The previous bariatric procedure was LAGB in 13 cases and laparoscopic SG in nine cases. Sixteen (72.7%) underwent LAGB or SG at an outside institution and then came under our care, while two patients had more than one previous bariatric procedure. The mean time interval from the previous bariatric surgery to revisional surgery was 35 months, while the mean BMI at revision was 35.9 kg/m 2 . The most common primary indication for revisional surgery was inadequate weight loss after LAGB (n = 6, 46.2%) or SG (n = 6, 66.7%; Table 2 ). Other indications after failed LAGB include direct band-related complications such as band erosion or intolerable reflux symptoms after adjustment and psychological band intolerance. Three other patients decided to Gastric stricture (n = 1) 1 STG Uncontrolled diabetes (n = 1) 1 RYGB Band removal converted to other surgical options after a certain period of time, which were two surgical proce dures in the same patient at different time points, is counted as one. LAGB, laparoscopic adjustable gastric banding; RYGB, Rouxen-Y gastric bypass; SG, sleeve gastrectomy; GERD, gastroesophageal reflux disease; STG, subtotal gastrec tomy. a) Including one patient who underwent resectional RYGB in each category. undergo revisional bariatric surgery after primary SG because of intolerable reflux symptoms, gastric stricture and uncontrolled diabetes along with insufficient weight loss.
Detailed flow of the revisional procedures following failed LAGB are shown in Fig. 1 . Four patients who had band erosion (n = 3) or severe reflux (n = 1) and underwent band removal at other clinics visited our institution because of eventual weight regain with the lapse of time after band removal. The other 9 patients required band removal; gastric band was removed at the same time as the conversion to other bariatric procedures in the former six patients, while the latter three patients underwent band removal followed by revisional procedures with an interval of 2-3 months between procedures.
One patient was referred to our institution for persistent postprandial vomiting and abdominal discomfort after SG. The patient had a history of previous LAGB followed by band removal due to gastric stricture even before undergoing SG. A contrast upper GI study revealed a gastric stricture at a midbody of the stomach with marked dilatation of the proximal portion (Fig. 2) Table 3 ). Resectional RYGB, in which the remnant stomach was completely removed, was performed in four patients who seriously feared possible cancer occurrence in the remnant stomach. All revisional operations were success fully performed using a laparoscopic approach without laparotomic conversion, and the patients were discharged at an average of 3 postoperative days. Anastomosis site bleeding was noticed in one patient during an RYGB procedure and was well managed with intraoperative endoscopic intervention. Gastric pouch leak developed in one patient after revisional RYGB and required reoperation of the primary repair with external drainage on the first postoperative day. This patient was discharged on the 14th postoperative day without further complications. There was no surgical mortality. Detailed weight parameters following revisional surgery are shown in Table 4 . The mean BMI decreased from 35.9 to 28.8 kg/m 2 at a mean follow-up period of 10 months after revision. The percent of excess weight loss (%EWL) and excess BMI loss (%EBL) reached 47.4% and 56.4%, respectively, at 12 postoperative months in all the patients.
DISCUSSION
As the number of bariatric procedures performed increases, the number of patients requiring revisional procedures continues to rise. Aside from revisional procedures to manage early surgical complications, many patients require a redo operation months or years after the primary surgery for various reasons including insufficient weight loss or weight regain, delayed complications associated with implants, or other intolerable side effects. Revisional bariatric surgery comprises 5%-15% of total cases of bariatric surgery [3] [4] [5] . The rate of revisional surgery is 20%-60% after LAGB [6] [7] [8] [9] [10] [11] , 9%-17% after RYGB [6, 10, 12, 13] , and 9%-11% after SG [14, 15] . Although many articles have investigated the results of various bariatric procedures used as the initial surgical intervention for morbid obesity, studies addressing the proper revisional surgery of choice after failed primary surgery remain limited. It is necessary to establish a proper revisionary strategy tailored for various indications to guide bariatric surgeons in the decision-making process after failed primary surgery.
The most frequently adopted bariatric procedure in South Korea is LAGB, which comprises approximately 70% of total national bariatric procedures. The reason for this may be due to its simplicity, reversibility, and relatively low perioperative complications. However, according to many previously published studies, the efficacy of LAGB seems to be limited with a high reoperation rate, and more patients with band de vice will require revision or conversion to other bariatric proce dures in the near future. Several studies have suggested that RYGB or SG could be appropriate revisional procedures after failed LAGB [16] [17] [18] . Our data also showed that RYGB or SG could successfully manage undesirable results from the primary LAGB.
In our bariatric center, revisional surgery accounted for 4.1% (25/616) of all bariatric surgeries during the study period. A total of 72.7% of those patients undergoing revisional surgery were referred to our institution from outside clinics. Different types of primary surgery lead to different reasons for conversion; however, in our series, insufficient weight loss or regain was the most frequent reason for revisional bariatric surgery, which is in concordance with the findings of other studies. Others were more procedure-specific reasons and gastric band-related complications were the second most common indications for revision among them. However, these indications are not completely independent from each other, and many patients have a combination of these complaints. For example, all the patients who underwent band removal due to implant-related complications in the present study eventually showed weight regain shortly after simple band removal and visited our institution to deal with rebound obesity. Consequently, a total of 71.4% (15/21) of all the patients who demanded revisions had weight problems, that is, inadequate weight loss or weight regain. It has already been established that simple band removal is technically the easiest procedure to manage band-related complications, but this intervention invariably leads to weight regain and the recurrence of obesity-related comorbidities [19, 20] .
The reoperative procedure of choice should depend on several factors, including patient history and intraoperative findings. If the initial LAGB achieved adequate weight loss but failure occurred due to band slippage or pouch dilatation, similar weight loss can be expected for reoperation with a different restrictive procedure; therefore, SG would be a reasonable alternative [20, 21] . However, when the major reason for considering revisional surgery is weight regain or inadequate weight loss, the commonly advocated key principle is to convert a purely restrictive procedure to include malabsorptive components [21] . In our series, all of the primary procedures requiring revisions were purely restrictive and they were selectively converted to SG or RYGB considering the respective indications. The priority was usually given to RYGB, to which 
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most of the patients were converted, although some underwent revisional SG mainly due to their preference. The only exception was the first patient of this series, who developed gastric stricture after revisional SG and was converted to laparoscopic subtotal gastrectomy when the surgeon was completely inexperienced. To date, there have been no patients who required revisional surgery after RYGB at our center, probably due to our rather short history of experience with bariatric surgery. Revisional bariatric surgery is complex and technically de man ding. It is generally associated with a higher risk of postoperative complications than that of primary procedures, and the perioperative morbidity rate is reportedly 19%-50% [5, [22] [23] [24] . With the advancement of laparoscopic surgical skills, several studies have recently demonstrated that laparoscopic revision can be performed safely by well-trained and highly experienced bariatric surgeons in specialized bariatric centers [17, 25] . The complication rates for laparoscopic revision are reportedly 14.3%-46.3% with laparotomic conversion rates of 3.0%-27.8% [17, [25] [26] [27] [28] [29] . Our results showed a perioperative complication rate of 9.1% without any laparotomic conversion. Although the number of the enrolled patient is too small to draw any conclusions, the laparoscopic approach could be a safe measure for revision with acceptable risks. It seems that open surgery, in itself, could be rather troublesome in morbidly obese patients because it would be very difficult to approach the deeply seated intra-abdominal organs and secure an appropriate surgical view because of excessive fat tissues. Instead, the laparoscopic approach could provide a better vision with a close view, facilitating more precise dissection.
Controversy remains over the matter of performing a conversion from failed LAGB to other bariatric procedures in one or two steps. Some investigators prefer to perform the operations in two steps for several reasons, including a predictable surgical time, lower risk of postoperative complications, and reduced incidence of delayed anastomotic stricture [8, 17, 27] . Others have advocated single-staged operation, suggesting that it could be safely performed without increasing the risk of surgical complications [28, 29] . Here, we performed the revisional procedures in a single stage in the early six consecutive cases, but the sixth patient developed a staple-line leakage after conversion to RYGB and required reoperation on the first postoperative day. Since that event, we have been performing a two-staged procedure (i.e., laparoscopic band removal first and the subsequent SG or RYGB a few months later) concerning staple line safety. As other bariatric surgeons already have pointed out, the operating time is unpredictable before the surgery and easily prolonged in the single-stage revisional operation. The inflammation caused by an installed foreign body induces adhesion around the device and creates marked gastric wall thickening, which consequently might cause a staple-line disruption. Furthermore, it is difficult to identify the original anatomy when severe adhesion caused anatomic distortion and adhesiolysis usually causes bleeding that disturbs surgical vision and accurate dissection; these could serve as factors to increase the risk of severe postoperative complications. Therefore, a two-staged operation would be recommended for surgeons who are inexperienced with revisions.
There are several limitations of the present study. First, this was a retrospective study from a single institution and the number of enrolled patients is very small. Second, the anthropometric data of the enrolled patients before the primary surgery were often missing, so the efficacy of revisional surgery compared with the primary operation could not be clearly demonstrated. Finally, the follow-up duration is somewhat short, and the collection of long-term results is still needed.
In conclusion, revisional bariatric surgery using the laparoscopic approach can be successfully performed with an increased but acceptable risk of postoperative morbidity and demonstrates satisfactory short-term weight loss. Other un de sirable results from the primary surgery could also be successfully managed with deliberate determination on the choice of revisional procedures. Long-term outcomes regarding weight loss and delayed complications are required in the future.
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